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7HFKQLFDO� PHDVXUHV� IRU� DQ� HIIHFWLYH� OLPLWDWLRQ� RI� WKH�
HIIHFWV�RI�OLJKW�SROOXWLRQ�

3LHUDQWRQLR�&LQ]DQR�
,VWLWXWR�GL�6FLHQ]D�H�7HFQRORJLD�GHOO¶,QTXLQDPHQWR�/XPLQRVR��,67,/���YLD�5RPD�����,��������
7KLHQH��,WDO\��HPDLO�FLQ]DQR#OLJKWSROOXWLRQ�LW�

.H\�ZRUGV��OLJKW�SROOXWLRQ���VLWH�SURWHFWLRQ���DWPRVSKHULF�HIIHFWV� �

$EVWUDFW��������7KH�WHFKQLFDO�SUHVFULSWLRQV�UHTXLUHG�IRU�DQ�HIIHFWLYH�OLPLWDWLRQ�RI�WKH�HIIHFWV�RI�OLJKW�
SROOXWLRQ�DUH�UHFRJQL]HG�EDVHG�RQ�WKH�SURFHVVHV�SOD\LQJ�D�UROH�LQ�WKH�SURGXFWLRQ�RI�
WKH�DUWLILFLDO�QLJKW�VN\�EULJKWQHVV��,Q�SDUWLFXODU��WKH�VLJQLILFDQFH�DQG�WKH�HIIHFW�RI�WKH�
OLPLWV�WR�WKH�XSZDUG�IUDFWLRQ�RI�WKH�OLJKW�IOX[�DUH�GLVFXVVHG��$�JHQHULFDO�OLPLWDWLRQ�
RI�WKH�XSZDUG�IOX[�GRHV�QRW�DSSHDU�HIIHFWLYH�DQG�WKH�GLUHFWLRQ�RI�WKH�HPLWWHG�OLJKW�
PXVW�EH�WDNHQ�LQWR�DFFRXQW�WRR��$�FRPSDULVRQ�EHWZHHQ�WKH�LQWHQVLW\�RI�D�VDPSOH�RI�
URDGV�LQ�WKH�GLUHFWLRQ�LQ�ZKLFK�WKLV�OLJKW�LV�PRUH�SROOXWLQJ�DQG�WKH�UHVWULFWLRQV�WR�WKH�
LQWHQVLW\�RI� WKH� OXPLQDLUHV� LQ� WKH� VDPH�GLUHFWLRQV�HQIRUFHG�E\�VRPH� ODZV�RU�ELOOV��
DOORZV�XV�WR�HYDOXDWH�WKHLU�HIIHFWLYHQHVV��

/HJLVODWLYH�FKRLFHV��
(YHQ�QHJOHFWLQJ�WKH�PDQ\�DQG�ZHOO�GRFXPHQWHG�HIIHFWV�RI�OLJKW�SROOXWLRQ�RQ�

WKH� HQYLURQPHQW� �WZR� LQWHUQDWLRQDO� VFLHQWLILF� FRQIHUHQFHV�RQ� WKH� HIIHFWV�RI� WKH�
DUWLILFLDO�OLJKW�RQ�SODQWV��DQLPDOV�DQG�KXPDQV�KDYH�EHHQ�KHOG�LQ������>�@>�@�DQG�
DQ� LQFRPSOHWH�ELEOLRJUDSK\�FROOHFWV�PRUH� WKDQ�����SDSHUV� >�@��DQG� OLPLWLQJ�XV�
RQO\� WR� FRQVLGHU� WKH� HIIHFWV� RQ� WKH�QLJKW� VN\�YLVLELOLW\�� WKH� UHVXOWLQJ�SLFWXUH� LV�
SDUWLFXODUO\� ZRUULVRPH�� $� ORRN� WR� WKH� FRQWULEXWLRQV� SUHVHQWHG� LQ� WKLV� ERRN� LV�
VXIILFLHQW� WR� UHFRJQL]H� LW�� )URP� WKRVH� LPSUHVVLYH� GDWD� LW� FOHDUO\� DSSHDUV� WKDW� D�
OHJLVODWLYH� HIIRUW� LV� LQGLVSHQVDEOH� LQ� RUGHU� WR� GLUHFW� WKH� SURJUHVV� DQG� WKH�
GHYHORSPHQW�RI�WKH�QLJKWWLPH�RXWGRRU�OLJKWLQJ�LQ�D�YLUWXRXV�ZD\�RI�UHVSHFW�RI�WKH�
HQYLURQPHQW� DQG� HQHUJ\� VDYLQJ��ZKLFK� VR� IDU�ZDV� QRW� DGHTXDWHO\� XQGHUWDNHQ��
7KLV�OHJLVODWLYH�HIIRUW�PXVW�EH�DEOH�WR�SURPRWH�D�FKDQJH�LQ�WKH�OLJKWLQJ�KDELWV�DQG�
LV� GHPDQGHG� ZLWK� WKH� PD[LPXP� XUJHQF\� EHFDXVH� OLJKW� SROOXWLRQ� JURZV� LQ� DQ�
H[SRQHQWLDO�ZD\��ZLWK�JURZWK�UDWHV�WKDW�LQ�,WDO\�UHDFK�HYHQ�WKH��������SHU�\HDU�
�H�J��>�@�����



/LJKW�SROOXWLRQ�DQG�WKH�SURWHFWLRQ�RI�WKH�QLJKW�HQYLURQPHQW�
�
�

����

:KDW�FRXOG�EH�GRQH"��7KH�PRUH�QDWXUDO�DQG�HIIHFWLYH�VROXWLRQ��WKDW�WR�VKXW�RII�
DOO�WKH�OLJKWV��LV�REYLRXVO\�QRW�SUDFWLFDEOH�LQ�WKH�PRGHUQ�ZRUOG�ZKHUH�QLJKWWLPH�
RXWGRRU� OLJKWLQJ� LV� D� VRFLDO� QHFHVVLW\�� 7KH� VHFRQG� VROXWLRQ�� LQ� D� K\SRWKHWLFDO�
VFDOH�RI�GHFUHDVLQJ�HIIHFWLYHQHVV��ZRXOG�EH�WKDW�ZH�UHQRXQFH�WR�LQVWDOO�DQ\�QHZ�
OLJKWLQJ�V\VWHP��7KLV�ZRXOG�QRW�HOLPLQDWH�OLJKW�SROOXWLRQ�EXW�DW�OHDVW�ZRXOG�FDUU\�
WR�]HUR�LWV�KLJK�\HDUO\�JURZWK�UDWH��7KLV�VROXWLRQ�ZRXOG�QRW�FUHDWH�WKH�GDUN�DQG�LW�
LV�VHHQ�SRVLWLYHO\�IURP�VRPH�SHRSOHV��KRZHYHU� LW�FRXOG�EH�FRQIOLFWLQJ�ZLWK�WKH�
GHYHORSPHQW�UHTXLUHPHQWV�RI�DQ�DGYDQFHG�LQGXVWULDO�FRXQWU\�OLNH�RXUV��7KH�WKLUG�
VROXWLRQ�� SURSRVHG� IURP� PRUH� SDUWLHV�� LV� WR� DOORZ� WKH� LQFUHDVH� RI� QLJKWWLPH�
OLJKWLQJ�EXW�SODFLQJ��DW�WKH�VDPH�WLPH��D�WRS�OLPLW�WR�WKH�\HDUO\�JURZWK�UDWHV�RI�WKH�
RXWGRRU� OLJKW� IOX[� LQVWDOOHG� LQ� DQ\� WRZQ� DQG� WR� WKH� \HDUO\� JURZWK� UDWHV� RI� WKH�
HOHFWULF�SRZHU�FRQVXPSWLRQV�IRU�H[WHUQDO�OLJKWLQJ��$V�WKH�WRS�OLPLW�WR�WKH�VDQLWDU\�
H[SHQVH�� DSSOLHG� LQ� ,WDO\�� ZDV� QRW� LQWHQGHG� WR� NLOO� VLFN� SHUVRQV� EXW� UDWKHU� WR�
UDWLRQDOL]H�WKH�VDQLWDU\�H[SHQVH��WKHVH�WRS�OLPLWV�ZRXOG�IDYRXU�QRW�WKH�GDUN�EXW�D�
PRUH� UDWLRQDOL]HG� OLJKWLQJ�� WKH� XVH� RI� PRUH� HIILFLHQW� IL[WXUHV�� WKH� GHVLJQ� RI�
LQVWDOODWLRQV�ZLWK�ODUJHU�XWLOL]DWLRQ�FRHIILFLHQWV�DQG�WKH�XVH�RI�ODPSV�ZLWK�ODUJHU�
HIILFLHQFLHV��2I�FRXUVH��WKHVH�SURYLVLRQV�ZRXOG�KDYH�WR�EH�MRLQHG�E\�SURYLVLRQV�
DYRLGLQJ�WKDW�WKH�OLJKW�IOX[�ZLWKLQ�WKH�WRS�LV�ZDVWHG�XSZDUG��,Q�WKH�8QLWHG�6WDWHV�
D� VOLJKWO\� GLIIHUHQW�ZD\� LV� IROORZHG� DQG� VRPH� ELOOV� OLPLW� GLUHFWO\� WKH� LQVWDOOHG�
OLJKW�IOX[�IRU�VTXDUH�DFUH����

7KH�UHJLRQDO�ELOOV�DSSURYHG�LQ�,WDO\��OLNH�H�J��WKH�ODZ�Q����RI����0DUFK������
RI� WKH� /RPEDUG\� 5HJLRQ� WKDW� LV� FRQVLGHUHG� WKH� EHVW� ODZ� DJDLQVW� WKH� OLJKW�
SROOXWLRQ�FXUUHQWO\�LQ�IRUFH�LQ�,WDO\��KDYH�FKRVHQ�WR�XQGHUWDNH�D�URDG�VWLOO�PRUH�
VRIW��SHUKDSV�HYHQ�WRR�PXFK�VRIW��7KH\�KDYH�FKRVHQ�WR�QRW�SODFH�DQ\�OLPLW�WR�WKH�
LQVWDOODWLRQ� RI� OLJKWLQJ� V\VWHPV�� (YHU\RQH� LV� IUHH� WR� LOOXPLQDWH� ZKDWHYHU� KH�
ZDQWV�� 1DWXUDOO\�� LI� D� VR�ZLGH� IUHHGRP� LV�ZDQWHG� EXW� DW� WKH� VDPH� WLPH� D� ODZ�
UHDVRQDEO\�HIIHFWLYH�LQ�OLPLWLQJ�OLJKW�SROOXWLRQ�LV�ZDQWHG�WRR��DW�OHDVW�LW�PXVW�EH�
UHTXLUHG� WR� IROORZ��ZKHQ�PDNLQJ� WKH� OLJKWLQJ� V\VWHP�� VRPH� IXQGDPHQWDO� UXOHV�
DQG� WKDW� WKH\� VKRXOG� QRW� EH� OHDYHG� DSDUW�� ,I� LW� LV� DWWHPSWHG� WR� OHDYH� IXUWKHU�
IUHHGRP�HYHQ�RQ�WKH�UXOHV��WKH�UHVXOW�LV�DQ�LQHIIHFWLYH�ODZ��,Q�WKLV�FDVH��LW�ZRXOG�
EH�EHWWHU�QRW�WR�SDVV�WKH�ODZ�EHFDXVH�LW�HQG�XS�OHJDOL]LQJ�OLJKW�SROOXWLRQ��

�
7HUULWRULDO�DUHD�ZKHUH�SURYLVLRQV�PXVW�EH�DSSOLHG�
%HWZHHQ� WKH� LQGLVSHQVDEOH�� W\SLFDO�SRLQWV�RI� WKH�PRUH�PRGHUQ� ODZV�DJDLQVW�

OLJKW�SROOXWLRQ��WKDW�ZH�DSSUHFLDWH�H�J��LQ�WKH�ODZV�RI�/RPEDUG\��0DUFKH��9HQHWR�
DQG�7XVFDQ\��WKHUH�LV�WKH�IDFW�WKDW�WKH�SURYLVLRQV�FRQFHUQLQJ�WKH�QHZ�V\VWHPV�DUH�
DSSOLHG� LQ� WKH� VDPH� ZD\� WR� WKH� HQWLUH� UHJLRQDO� WHUULWRU\�� 7KH� DSSOLFDWLRQ� RI�
VHULRXV�SURYLVLRQV�WR�WKH�HQWLUH�WHUULWRU\�SURWHFWV�LQ�HIIHFWLYH�ZD\�WKH�SHUFHSWLRQ�
RI� WKH�8QLYHUVH� RI� DOO� WKH� FLWL]HQV�� DYRLGLQJ� WR� FUHDWH�GLVFULPLQDWLRQV�EHWZHHQ�
FLWL]HQV�PRUH�RU�OHVV�SULYLOHJHG�EHFDXVH�OLYLQJ�PRUH�RU�OHVV�FORVH�WR�D�SURWHFWHG�
]RQH�� 1RW� RQO\�� EXW� LW� DOVR� JXDUDQWHHV� WKH� HIIHFWLYH� SURWHFWLRQ� RI� WKH� PRVW�
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VHQVLWLYH� VLWHV�� OLNH� DVWURQRPLFDO� REVHUYDWRULHV� DQG� QDWXUDO� SDUNV�� ,Q� IDFW�� WKH�
PHFKDQLVP�IRU�ZKLFK�WKH�XSZDUG�OLJKW�IOX[�SURSDJDWHV�LQ�WKH�DWPRVSKHUH�JRLQJ�
WR� LOOXPLQDWH� PROHFXOHV� DQG� SDUWLFOHV� DORQJ� WKH� OLQH� RI� VLJKW� RI� DQ� REVHUYHU�
�ZKLFK� VFDWWHU� VXFK� OLJKW� FUHDWLQJ� D� OXPLQRXV� EDFNJURXQG� WKDW� SUHYHQWV� RU�
GLVWXUEV�WKH�SHUFHSWLRQ�RI�WKH�VWDUV��LV�FKDUDFWHUL]HG�IURP�WKH�IDFW�WKDW�WKH�OLJKW�
SURSDJDWHV�HYHQ�WR�����NP�IURP�WKH�VRXUFH��,Q�SUDFWLFH��RQO\�WKH�(DUWK�FXUYDWXUH�
FRQVWLWXWHV� LQ�FOHDQ�QLJKWV�DQ�HIIHFWLYH�VFUHHQ��7KHUHIRUH�WRGD\�WKH�DGRSWLRQ�RI�
WKH� ROG� VFKHPH� RI� SURWHFWLRQ�� FDOOHG� ³RQLRQ�OLNH��� IRU� ZKLFK� D� VHULHV� RI�
�SURWHFWLRQ�]RQHV��ZHUH�FUHDWHG�RQH�ZLWKLQ�WKH�RWKHU�ZLWK�SURYLVLRQV�JUDGXDOO\�
WLJKWHQLQJ�DSSURDFKLQJ�WKH�VLWH�WR�EH�SURWHFWHG��OLNH�H�J��LQ�WKH�FULWLFL]HG�,WDOLDQ�
VWDQGDUG�UXOH�81,���������GRHV�QRW�KDYH�DQ\�EDVLV��XQOHVV�]RQHV�ZLWK�UDGLL�RI�WKH�
RUGHU�RI�KXQGUHGV�RI�NLORPHWUHV�DUH�DGRSWHG��

,Q� WKLV�SDQRUDPD�ZKLFK� LV� WKHQ� WKH� IXQFWLRQ�RI� WKH��DUHDV�RI�PRUH�HOHYDWHG�
VHQVLWLYLW\�"� ,Q� WKH� PRGHUQ� ODZV� DJDLQVW� OLJKW� SROOXWLRQ�� WKH� ³DUHDV� RI� PRUH�
HOHYDWHG� VHQVLWLYLW\�� DUH� QRW� LQWURGXFHG� LQ� RUGHU� WR� DSSO\� PRUH� VHYHUH�
SUHVFULSWLRQV� WKDQ� LQ� WKH�UHVW�RI� WKH� WHUULWRU\��ZKDW��DV�ZH�KDYH�VHHQ��ZRXOG�EH�
XVHOHVV�ZKHQ�WKH\�KDYH�UDGLL�RI�WKH�RUGHU�RI�VRPH�WHQWK�RI�NLORPHWUHV��7KH\�DUH�
LQVWHDG� LQWURGXFHG�IRU� WKH�DGDSWDWLRQ�RI�WKH�H[LVWLQJ�V\VWHPV�WKDW�LQ�VXFK�DUHDV�
WDNHV�JUHDWHU�SULRULW\�DQG�FRPPLWPHQW�� ,Q�VRPH�FDVH�D�PRUH�GHPDQGLQJ�XVH�RI�
WKH�FXUIHZ�LV�SUHVFULSW� LQ�VXFK�]RQHV�WRR��7KH�WHQGHQF\�VHHPV�WR�HOLPLQDWH�WKH�
DUHDV�RI�SURWHFWLRQ�IURP�WKH�IRUHFRPLQJ�%LOOV�UHSODFLQJ�WKHP�ZLWK�DQ�DGDSWDWLRQ�
H[WHQGHG�WR�WKH�HQWLUH�UHJLRQDO�WHUULWRU\�LQ�VXFFHVVLYH�VWHSV��

�
&ULWHULD�WR�DGRSW��
/HW¶V�H[DPLQH�WKH�SURYLVLRQV�WR�EH�DGRSWHG�LQ�DQ�HIIHFWLYH�OHJLVODWLRQ�DJDLQVW�

OLJKW�SROOXWLRQ�� ,�ZLOO� FRPPHQW�RQO\� WKH� WZR�PDLQ�SRLQWV��7KH�EDVLV�RI� D� WUXO\�
HIIHFWLYH� SURWHFWLRQ� LV� WKH�PLQLPL]DWLRQ� RI� WKH� GLUHFW� OLJKW� HPLVVLRQV� RYHU� WKH�
KRUL]RQ�IURP�WKH�OXPLQDLUHV�DQG�WKH�OLPLWDWLRQ�WR�WKH�PLQLPXP�QHFHVVDU\�RI�WKH�
OLJKW� HPLVVLRQV� UHIOHFWHG� IURP� WKH� OLJKWHG� VXUIDFHV�� DYRLGLQJ� RYHUOLJKWLQJ� DQG�
FRQWDLQLQJ�DW�EHVW�WKH�OLJKW�ZDVWHG�RXWVLGH�RI�WKH�DUHDV�WR�EH�LOOXPLQDWHG��

�
D�� OLPLWV�WR�WKH�GLUHFW�HPLVVLRQ��
$V�IDU�DV�WKH�ILUVW�SRLQW�LV�FRQFHUQHG��LI�D�ODZ�LV�ZDQWHG�WR�EH�PDGH�HIIHFWLYH��

LW� LV� IXQGDPHQWDO� DQG� LQGLVSHQVDEOH� WKH� OLPLW� RI� �� FG�NOP� DW� ��� GHJUHHV�� DQG�
EH\RQG�WR�WKH�LQWHQVLW\�RI�WKH�OLJKW�HPLVVLRQ��7KLV�OLPLW�PXVW�EH�DSSOLHG�WR�ERWK�
WKH� SULYDWH� DQG� SXEOLF� OLJKWLQJ� V\VWHPV�� ,� ZLOO� VSHQG� WKHUHIRUH� VRPH� ZRUG� LQ�
������������������������������������������������������
�� � �7KLV�DQJOH��FDOOHG�JDPPD�DQJOH�LQ�OLJKWLQJ�HQJLQHHULQJ��LV�PHDVXUHG�VWDUWLQJ�IURP�WKH�YHUWLFDO�

OLQH� SDVVLQJ� IRU� WKH� OXPLQDLUH� WRZDUG� WKH� ERWWRP�� VR� WKDW� JDPPD� LV� ��� GHJUHHV� LQ� D� SODQH�
SDUDOOHO�WR�WKH�KRUL]RQ�DQG�����GHJUHHV�DW�WKH�]HQLWK�RI�WKH�OXPLQDLUH��
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RUGHU� WR� FODULI\� VRPH� UHDVRQV� RI� LWV� LPSRUWDQFH� DQG� WKH� GLIIHUHQFH�ZLWK� RWKHU�
SURYLVLRQV���

7KH�,WDOLDQ�VWDQGDUG�UXOH�81,��������3UHVFULSWLRQV�IRU� WKH�OLPLWDWLRQ�RI�WKH�
XSZDUG�GLVSHUVLRQ�RI� WKH� OXPLQRXV� IOX[�� OLPLWV�D�TXDQWLW\� LQWHJUDWHG�RQ�DOO� WKH�
XSSHU� KHPLVSKHUH�� WKH� XSZDUG� IOX[� UDWLR�� ,W� LJQRUHV� WKDW� WKH� PHFKDQLVP� RI�
SURSDJDWLRQ�RI� OLJKW�SROOXWLRQ�GHSHQGV�RQ� WKH�HPLVVLRQ�GLUHFWLRQ�DQG� WKHUHIRUH�
QHJOHFWV� WR�SXW�D�JUHDWHU�FDUH� WR� WKDW�SDUW�RI� WKH�IOX[�PDLQO\�UHVSRQVLEOH�RI� WKH�
SURSDJDWLRQ�DQG�WKH�DGGLWLRQ�RI�WKH�OLJKW�SROOXWLRQ�RQ�WKH�WHUULWRU\��,Q�IDFW��RQH�
WKLQJ� LV� WKH� SHUFHQWDJH� RI� OLJKW� IOX[� HPLWWHG� XSZDUG� IURP� WKH� OXPLQDUHV� DV�
FRPSDUHG� WR� WKH� WRWDO� IOX[�HPLWWHG�IURP�WKHP��DQG�DQRWKHU� WKLQJ� LV� WKH�SHUFHQW�
LQFUHPHQW� RI� WKH� OLJKW� SROOXWLRQ� SURGXFHG� IURP� WKHP� �IXOO\� HOLPLQDEOH�� DV�
FRPSDUHG�WR�WKDW�SURGXFHG�IURP�WKH�OLJKWHG�VXUIDFHV��XQDYRLGDEOH�ZKHQ�UHGXFHG�
WR� WKH� PLQLPXP� QHFHVVDU\��� 7KH� VHFRQG� RQH� LV� WKH� PRUH� LQWHUHVWLQJ� WR� WKH�
SXUSRVH�RI�WKH�OLPLWDWLRQ�RI�OLJKW�SROOXWLRQ��

/HW¶V�VHH�ZKDW� WKH�ILUVW�SHUFHQWDJH�PHDQV�LQ�WHUPV�RI�WKH�VHFRQG�RQH��/HW¶V�
FRQVLGHU� H�J�� WKH� VPDOOHU� RI� WKH� OLPLWV� WR� WKH� SHUFHQWDJH� RI� XSZDUG� OLJKW� IOX[�
DSSHDULQJ�LQ�WKH�VWDQGDUG�UXOH�81,��������ZKLFK�LV�WKH�VDPH�OLPLW�DSSOLHG�LQ�WKH�
HQWLUH�UHJLRQDO�WHUULWRU\�E\�WKH�ODZ�RI�9HQHWR�����RI�WKH�WRWDO�OLJKW�IOX[�HPLWWHG�
IURP� WKH� OLJKW� FHQWUH� �WKLV� TXDQWLW\� LV� IUHTXHQWO\� FDOOHG� 8/5� RU� 8)5��� 6LQFH�
XQIRUWXQDWHO\�WKH�HIILFLHQF\�RI�WKH�OLJKWLQJ�SURFHVV�LV�YHU\�VPDOO��WKH�LOOXPLQDWHG�
VXUIDFHV� UHIOHFW� XSZDUG� D� YHU\� VPDOO� IUDFWLRQ� RI� WKH� OLJKW� HPLWWHG� IURP� WKH�
OXPLQDLUHV��7KLV�IUDFWLRQ�GHSHQGV�RQ�WKH�XWLOL]DWLRQ�FRHIILFLHQW�RI�WKH�V\VWHP�DQG�
RQ� KRZ� WKLV� LV� GHVLJQHG��7\SLFDOO\�� DQ� ,WDOLDQ� VWUHHW� VXUIDFH� �GDUN� DVSKDOW�&,(�
&,,��UHIOHFWV�OHVV�WKDQ�����RI�WKH�OLJKW�IOX[�HPLWWHG�IURP�WKH�OXPLQDLUHV��,I��IRU�
HYHU\� ���� OXPHQ� HPLWWHG� IURP� D� OXPLQDLUH�� WKH� LOOXPLQDWHG� VXUIDFH� UHIOHFWV�
XSZDUG� ��� OXPHQ� DQG� LI� ZH� DOORZ� WKDW� WKH� OXPLQDLUH� VHQG� GLUHFWO\� LQ� WKH� VN\�
DQRWKHU� �� OXPHQ�� WKH� WRWDO� XSZDUG� OLJKW� IOX[�ZLOO� EH� ��� OXPHQ��7KHUHIRUH��ZH�
LQFUHDVHG�RI����� WKH�XSZDUG� OLJKW� IOX[�� �,Q�SUDFWLFH�� DQ� DFFXUDWH�FRPSXWDWLRQ�
VKRZV�WKDW�IUHTXHQWO\�LW�LV�PXFK�JUHDWHU���

8VLQJ�IXOO\�VKLHOGHG�IL[WXUHV��RQ�WKH�FRQWUDU\��WKH�RQO\�XSZDUG�IOX[�LV�WKH�RQH�
UHIOHFWHG�IURP�WKH�OLJKWHG�VXUIDFHV�WKDW��LI�WKH�V\VWHP�LV�GHVLJQHG�DFFXUDWHO\��FDQ�
EH� HYHQ� VPDOOHU� WKDQ� WKDW� SURGXFHG� IURP� D� QRW� VKLHOGHG� V\VWHP� IRU� WKH� VDPH�
OXPLQDQFH��FRQWUDU\�WR�ZKDW�VRPHWLPHV�LV�FODLPHG���

7KHUHIRUH�WKH�OLPLW�RI�����WR�WKH�XSZDUG�IOX[��DSSHDULQJ�H�J��LQ�WKH�VWDQGDUG�
UXOH�81,��������PHDQV�WR�DOORZ�D������PRUH�XSZDUG�OLJKW�IOX[��L�H��GRXEOLQJ�LW��
UHVSHFW� WR�D� IXOO\� VKLHOGHG�V\VWHP��7KH� OLPLW�RI������ WKDW�DSSHDUV�DJDLQ� LQ� WKH�
,WDOLDQ�VWDQGDUG�UXOH�81,��������PHDQV�WR�DOORZ������PRUH�XSZDUG�OLJKW�IOX[�
�DQ�DFFXUDWH�FRPSXWDWLRQ�VKRZV�WKDW�LW�LV�VWLOO�JUHDWHU���(YHQ�D�OLPLW�RI����PHDQV�
WR�DOORZ�WKDW�OXPLQDLUHV�DGG�����PRUH�XSZDUG�OLJKW�IOX[�WR�WKH�XQDYRLGDEOH�OLJKW�
IOX[�SURGXFWHG�IURP�WKH�LOOXPLQDWHG�VXUIDFHV���

$W�WKLV�SRLQW��VRPHRQH�FRXOG�WKLQN�WKDW�D����������RI�XSZDUG�OLJKW�IOX[�E\�
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WKH� OXPLQDULHV� DGGHG� WR� WKH� XQDYRLGDEOH� IOX[� GXH� WR� WKH� UHIOHFWLRQ�RI� WKH� URDG�
SDYHPHQWV�LV�DFFHSWDEOH�DQG�WKHUHIRUH�WKDW�D�OLPLW�RI�����������WR�WKH�SHUFHQWDJH�
RI�XSZDUG�OLJKW�IOX[�IURP�WKH�OXPLQDLUHV�FDQ�EH�UHDVRQDEOH��8QIRUWXQDWHO\��LW�LV�
QRW�WUXH�EHFDXVH�D�VHFRQG�DVSHFW�HQWHUV�LQ�JDPH��

7KH�GLVWULEXWLRQ�RI�WKH�OLJKW�LQWHQVLW\��HPLVVLRQ�GLDJUDP��RI�WKH�IL[WXUHV�DQG�
WKDW�RQH�RI�WKH�VXUIDFHV�DUH�PXFK�GLIIHUHQW��/XPLQDLUHV�HPLWWLQJ�DQ�XSZDUG�OLJKW�
IOX[�OHVV�WKDQ����RI�WKH�WRWDO�HPLWWHG�IOX[��XVXDOO\��GXH�WR�WKH\�FRQVWUXFWLRQ�HPLW�
WKLV� OLJKW� WR� VPDOO� HOHYDWLRQ� DQJOHV�� MXVW� RYHU� WKH� SODQH�RI� WKH�KRUL]RQ� �)LJ�� ���
OHIW��� 2Q� WKH� FRQWUDU\�� VXUIDFHV� W\SLFDOO\� KDYH� DQ� LQWHQVLW\� GLVWULEXWLRQ�� FDOOHG�
DOPRVW�/DPEHUWLDQ�� ZLWK� VPDOO� LQWHQVLW\� DW� VPDOO� DQJOHV� DQG� ODUJH� LQWHQVLWLHV�
WRZDUGV�WKH�]HQLWK��)LJ�����ULJKW���7KHUHIRUH�WKH�OLJKW�HPLWWHG�DW�VPDOO�DQJOHV�RYHU�
WKH� KRUL]RQ� LV� SURGXFHG�PDLQO\� IURP� WKH� OXPLQDLUHV��:K\� WKH� OLJKW� HPLWWHG� DW�
VPDOO�DQJOHV�LQWHUHVWV�XV"�%HFDXVH�IRU�JHRPHWULF�UHDVRQV��HDV\�WR�XQGHUVWDQG��VHH�
H�J��)LJ������WKH�HPLVVLRQ�DW�VPDOO�DQJOHV�SURSDJDWHV�YHU\�IDU�DZD\�ZKHUHDV�WKH�
OLJKW� HPLWWHG� WR� ODUJH� DQJOHV� WHQGV� WR�SROOXWH�RQO\� WKH�QHDUE\�DWPRVSKHUH��7KH�
ILUVW�LOOXPLQDWHV�DWPRVSKHULF�SDUWLFOHV�HYHQ�YHU\�IDU�IURP�WKH�VRXUFH��DGGLQJ�WR��

�
�
�
�
�
�
�
�
�
)LJXUH�����OHIW��3ULVPDWLF�JODVV�IL[WXUH��ODUJH�HPLVVLRQ�DW�VPDOO�DQJOHV���ULJKW��

6XUIDFH��VPDOO�LQWHQVLW\�DW�VPDOO�DQJOHV��
�
�
�
�
�
�
�
�
�
)LJXUH� ���(PLVVLRQ�DQJOHV�RI� WKH� OLJKW� LOOXPLQDWLQJ�PROHFXOHV� DQG�SDUWLFOHV�

DORQJ�WKH�OLQH�RI�VLJKW�RI�DQ�REVHUYHU�ORRNLQJ�DW�D�VWDU�QHDU�WKH�]HQLWK�IURP�D�VLWH�
TXLWH�IDU�IURP�WKH�VRXUFH��³FLWWj´�PHDQV�³FLW\´���
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WKH�RWKHU�OLJKW�FRPLQJ�IURP�RWKHU�IDU�VRXUFHV�DQG�FUHDWLQJ�DQ�DGGLWLRQ�HIIHFW�YHU\�
HIILFLHQW� LQ�SURGXFLQJ� LPSRUWDQW� OHYHOV�RI�DUWLILFLDO�EULJKWQHVV�RI� WKH�QLJKW�VN\��
7KH� VHFRQG� RQH�� RQ� WKH� FRQWUDU\�� LOOXPLQDWHV� RYHU� WKH� VRXUFH� DQG� GRHV� QRW�
SURSDJDWHV�QRU�DGG�XS�WRR�PXFK��

$V�DQ�H[DPSOH��LW�LV�HVWLPDWHG�WKDW�DW�RQO\����NP�IURP�D�OLJKW�VRXUFH�WKH�����
RI�WKH�]HQLWK�QLJKW�VN\�EULJKWQHVV�LV�GXH�WR�WKH�OLJKW�HPLWWHG�WR�VPDOO�DQJOHV�RYHU�
WKH�KRUL]RQ��EHWZHHQ�]HUR�DQG����GHJUHHV�RYHU�WKH�KRUL]RQ�L�H��EHWZHHQ����DQG�
����GHJUHHV�RI�JDPPD�DQJOH�>�@���6LQFH�OLJKW�SROOXWLRQ�SURSDJDWHV�IUHHO\�EH\RQG�
���� NP� RI� GLVWDQFH�� EHLQJ� SUDFWLFDOO\� RQO\� WKH� (DUWK� FXUYDWXUH� WR� HIILFLHQWO\�
VFUHHQ�LW�>�@��LQ�D�JUHDW�SDUW�RI�WKH�WHUULWRU\�WKH�DUWLILFLDO�QLJKW�VN\�EULJKWQHVV�LV�
SURGXFHG�PRVWO\� E\� WKH� VXP� RI� WKH� HIIHFWV� RI� �IDU�� VRXUFHV� HPLWWLQJ� DW� VPDOO�
DQJOHV�� ,W� LV� HYHQ� HVWLPDWHG� WKDW� HYHQ� LQ� DUHDV� LQVLGH� D� FLW\� DV�3DGXD� ��������
LQKDELWDQWV������RI�WKH�]HQLWK�VN\�EULJKWQHVV�LQ�FOHDU�QLJKWV�LV�SURGXFHG�E\�WKH�
OLJKW� RI� VRXUFHV� VLWXDWHG� LQ� WKH� UHVW� RI� WKH� WHUULWRU\� >�@�� 7KH� SURFHVV� RI�
SURSDJDWLRQ� DQG� DGGLWLRQ� LV� SDUWLFXODUO\� HIILFLHQW� IRU� QDWLRQV� ZLWK� GHQVHO\�
SRSXODWHG�DUHDV�OLNH�,WDO\��,QVLGH�D�UDGLXV�RI�����NP�IURP�D�VLWH�DW�WKH�HGJHV�RI�
WKH�9HQHWR�SODQH�PRUH�WKDQ������WRZQV�FDQ�EH�FRXQWHG��HYHU\RQH�ZLWK�KXQGUHGV�
RU�WKRXVDQGV�RI�OXPLQDLUHV��

$�SUHFLVH�FDOFXODWLRQ�EDVHG�RQ�D�OLJKW�GHVLJQ�VRIWZDUH�>��@�VKRZV�H�J��WKDW�LQ�
URDG�OLJKWLQJ�XVLQJ�IL[WXUHV�ZLWK�D�SHUFHQWDJH�RI�XSZDUG�OLJKW�IOX[�RI�����VPDOO�
LQ�FRPSDULVRQ�ZLWK�WKH�OLPLWV�LQ�WKH�,WDOLDQ�VWDQGDUG�UXOH�81,�������DQG�LQ�WKH�
ODZ�/5���������RI�9HQHWR��WKH�OLJKW�IOX[�HPLWWHG�WR�VPDOO�DQJOHV�DQG�VFDWWHUHG�
IURP� WKH� DWPRVSKHUH� �WKH� PRVW� HIIHFWLYH� LQ� DOWHULQJ� WKH� QLJKW� EULJKWQHVV��
LQFUHDVHV� RI� ����� FRPSDUHG� WR� WKDW� SURGXFHG� IURP� WKH� UHIOHFWLRQ� RI� WKH� URDG�
SDYHPHQW�DORQH��7R� WKLV� MRLQV� WKH�SDUW�GXH�WR�WKH�UHIOHFWLRQ�RI�WKH�OLJKW�ZDVWHG�
RXWVLGH�IURP�WKH�VWUHHW�VXUIDFH��+RZHYHU��LI�WKH�V\VWHP�LV�SURSHUO\�GHVLJQHG��WKLV�
LV�PXFK�VPDOOHU�DQG�GRHV�QRW�H[FHHG�WKDW�UHIOHFWHG�IURP�WKH�URDG���

8VLQJ�IXOO\�VKLHOGHG�IL[WXUHV��WKH�RQO\�XSZDUG�IOX[�LV�WKH�RQH�UHIOHFWHG�IURP�
WKH� OLJKWHG� VXUIDFHV� WKDW�� LI� WKH� V\VWHP� LV� GHVLJQHG� DFFXUDWHO\�� FRXOG� EH� HYHQ�
VPDOOHU�RI�WKDW�SURGXFHG�IURP�D�QRW�VKLHOGHG�V\VWHP�IRU�WKH�VDPH�OXPLQDQFH��

,Q� RUGHU� WR� WU\� WR� VXSSRUW� WKH� VWDQGDUG� UXOH�81,�������� VRPHRQH� FODLPV� D�
SUHVXPHG�HIIHFW�RI�VKLHOGLQJ�IURP�WKH�ZDOOV�RI�WKH�EXLOGLQJV�QHDU�WKH�URDG�RQ�WKH�
OLJKW�HPLWWHG�IURP�WKH�OXPLQDULHV��EXW�LQ�SUDFWLFH�LW�LV�SRRUO\�HIIHFWLYH�DQG�RQO\�LQ�
SDUWLFXODU�FDVHV�WKDW�FRQVWLWXWH�D�PLQLPDO�SDUW�RI�WKH�H[LVWLQJ�OLJKWLQJ�V\VWHPV��,W�
FDQ�EH�HDVLO\�QRWLFHG�WKDW��HYHQ�LQ�WKH�FHQWUDO�DUHDV�RI�FLWLHV�DQG�WRZQV��WKHUH�DUH�
ZLGH� RSHQ� VSDFHV� DQG� HYHQ� WKH� QDUURZ� URDGV� HQFLUFOHG� IURP� D� FRQWLQXXP�
VHTXHQFH� RI� EXLOGLQJV� DUH� SURSHUO\� VKLHOGHG� RQO\� WUDQVYHUVHO\� DQG� QRW�
ORQJLWXGLQDOO\�� 6R� WKHUH� LV� QR� SRVVLELOLW\� WR� FRQVLGHU� XUEDQ� GHFRUH� OLJKWLQJ�
�ODQWHUQV��JOREHV�DQG�VLPLODU�GHFRUDWLRQ�IL[WXUHV��VHSDUDWHO\�IURP�URDG�OLJKWLQJ��

5HVXPLQJ�� WKH� GLUHFW� XSZDUG� OLJKW� IOX[� IURP� WKH� OXPLQDLUHV� HYHQ� ZKHQ� LW�
VHHP� QHJOLJLEOH� LQ� UHVSHFW� WR� WKDW� HPLWWHG� IURP� WKH� OLJKWHG� VXUIDFHV�� DFWXDOO\�
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FRQVWLWXWHV� D� IXQGDPHQWDO� SDUW� RI� WKH� SROOXWLQJ� IOX[� DW� D� GLVWDQFH� RI� IHZ�
NLORPHWUHV�IURP�WKH�VRXUFHV��,Q�RUGHU�WR�UHGXFH�WKH�HIIHFW�RI�WKLV�IOX[�RQ�WKH�QLJKW�
VN\� WKHUH� LV� QR� RWKHU� VROXWLRQ� WKDW�PLQLPL]LQJ� DV�PXFK� DV� SRVVLEOH� WKH� GLUHFW�
XSZDUG�OLJKW�HPLVVLRQ�RI�WKH�IL[WXUHV��

7KH� OLPLW�RI���FG�NOP�DW����GHJUHHV�DQG�EH\RQG��SUHVFULEHG�H�J�� LQ� WKH� ODZ�
��������RI�/RPEDUG\��LQGLFDWHV�WKDW�WKH�PHDVXUHG�YDOXH�PXVW�EH�H[SUHVVHG�DV�DQ�
LQWHJHU� �H�J�� LI� ZH� PHDVXUH� ���� FG�NOP� ZH� FDQ� DSSUR[LPDWH� WR� ]HUR�� LI� ZH�
PHDVXUH� ���� FG�NOP� ZH� PXVW� DSSUR[LPDWH� WR� �� FG�NOP�� DV� H[SODLQHG� LQ� WKH�
5HJXODWLRQV���7KHUHIRUH��WKH�LQVWUXPHQW�PXVW�KDYH�D�PLQLPXP�VHQVLWLYLW\�RI�����
FG�NOP�� 7KLV� OLPLW� WXUQV� RXW� WR� EH� DGHTXDWH� DQG� WKHUH� DUH� ODERUDWRULHV� ZKLFK�
H[HFXWH� VXFK� PHDVXUHPHQWV�� :H� FDQ� YHULI\� WKDW� VXFK� OLPLW� LV� DGHTXDWH� E\�
FDOFXODWLQJ�WKH�LQWHQVLW\�RI�WKH�OLJKW�HPLWWHG�IURP�WKH�URDG�IRU�XQLW�RI�OLJKW�IOX[�
HPLWWHG� IURP� WKH� ODPSV� RI� WKH� V\VWHP�� :H� FRQVLGHUHG� D� VDPSOH� RI� ��� VWUHHW�
LQVWDOODWLRQV� RI� YHU\� FRPPRQ� W\SH�� REWDLQHG� ZLWK� YDULRXV� NLQGV� RI� GHVLJQ��
YDULRXV� DYHUDJH� PDLQWDLQHG� OXPLQDQFHV�� VHPL�FXW�RII� URDG� IL[WXUHV� ZLWK� JRRG�
RSWLFDO�TXDOLW\��7KH�URDG�VXUIDFHV�ZHUH�VWDQGDUG�&,(�&,,��GDUN�DVSKDOW���WKH�PRVW�
FRPPRQ�LQ�,WDO\��)RU�HYHU\�V\VWHP��ZH�FDOFXODWHG�WKH�PDLQWDLQHG�LQWHQVLW\�RI�WKH�
OLJKW� HPLVVLRQ� RI� WKH� HQWLUH� URDG� DW� VPDOO� DQJOHV� �JDPPD�  � ����� ������ ������
EDVHG�RQ�WKH�DYHUDJH�PDLQWDLQHG�OXPLQDQFH�DQG�RQ�WKH�RWKHU�GHVLJQ�SDUDPHWHUV��
:H� HVWLPDWHG� WKH� LQWHQVLW\� LQ� ORQJLWXGLQDO� VHQVH�� ZKHUH� LW� LV� ODUJHU�� 7DEOH� ��
VKRZV�WKH�DYHUDJH�LQWHQVLW\�IRU�XQLW�RI�IOX[�LQ�RXU�VDPSOH�>��@��,W�LV�D�PDLQWDLQHG�
LQWHQVLW\��,Q�RUGHU�WR�PLQLPL]H�WKH�SROOXWLRQ�SURGXFHG�IURP�WKH�IL[WXUHV�WKH�OLPLWV�
WR�DGRSW�PXVW�EH�DW�OHDVW�D�WHQWK�RI�WKH�YDOXHV�LQ�WKH�WDEOH���

7DEOH����
*DPPD�DQJOH� ���GHJUHHV� ����GHJUHHV� ����GHJUHHV�

/RQJLWXGLQDO�DYHUDJH�LQWHQVLW\�
IRU� D� VDPSOH� RI� ��� URDG�
SDYHPHQWV�

�
����FG�NOP�

�
����FG�NOP�

�
����FG�NOP�

7UDQVYHUVDOO\�WKH�LQWHQVLW\�RI�WKH�OLJKW�HPLWWHG�E\�WKH�URDG�LV�PXFK�VPDOOHU�

�
)LJ����FRPSDUHV�WKH�LQWHQVLW\�RI�WKH�HPLVVLRQ�RI�WKH�IL[WXUHV�SHUPLWWHG�E\�WKH�

OLPLWV� LQ� VRPH� ODZV� RU� ELOOV� LQ� ,WDO\� DQG� WKH� LQWHQVLW\� RI� WKH� HPLVVLRQ� RI� WKH�
VXUIDFH� >��@� WR� JDPPD� DQJOHV� EHWZHHQ� ���� DQG� ������ )LJ�� �� FRPSDUHV� WKH�
IUDFWLRQ� RI� WKH� WRWDO� LQWHQVLW\� GXH� WR� WKH� IL[WXUHV� DQG� WKH� VXUIDFH� >��@�� 7KH�
LQWHQVLWLHV�RI� WKH�URDG�XVHG� LQ� WKH�ILJXUHV�DUH�WKRVH�LQ�ORQJLWXGLQDO�VHQVH�ZKLOH�
WKH�FRPSDULVRQ�ZRXOG�KDYH�EHHQ�PDGH�ZLWK�WKH�DYHUDJH�RYHU�DOO�WKH�GLUHFWLRQV��
WKDW�LW�LV�VPDOOHU���
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1RWH� WKDW� WKH� IL[WXUHV� FRPSODLQLQJ� ZLWK� WKH� �� FG�NOP� DW� ��� GHJUHHV� DQG�
EH\RQG� FDQQRW� HPLW� OLJKW� RYHU� WKH� KRUL]RQ�� EXW� FDQ� KDYH� DQ\� NLQG� RI� OLJKW�
GLVWULEXWLRQ�XQGHU�WKH����GHJUHHV��)LJ����VKRZV�WZR�H[DPSOHV�RI�SULVPDWLF�JODVV�
VHPL�FXW�RII� IL[WXUHV� FRPSODLQLQJ� ZLWK� WKH� SUHVFULSWLRQ� �L�H�� IXOO\� VKLHOGHG���
+RZHYHU�� LW� LV� QRW� QHFHVVDU\� WR� UHVRUW� WR� WKHVH� IL[WXUHV� EHFDXVH� WKH� PDQ\�
DYDLODEOH� IODW� JODVV� IL[WXUHV� KDYH� VXIILFLHQW� SHUIRUPDQFHV� WR� UHSODFH� WKHP�
DGHTXDWHO\��

2IWHQ� LW� LV� FODLPHG� WKDW� IODW�JODVV� IL[WXUHV�PXVW� EH� LQVWDOOHG�ZLWK� D� VPDOOHU�
SROH� VSDFLQJ� RI� WKRVH� ZLWK� FXUYHG� RU� SULVPDWLF� JODVV� DQG� WKLV� ZRXOG� OHDG� WR�
FRQVXPH�PRUH�HOHFWULF�SRZHU��+RZHYHU�HQHUJ\�VDYLQJ��GHSHQGLQJ�RQ�WKH�DPRXQW�
RI� OLJKW� IOX[� LQVWDOOHG� IRU�XQLW� URDG� OHQJWK��GHSHQGV� LQ� WXUQ�RQ�KRZ�PXFK�OLJKW�
JRHV�WR�WKH�URDG�DQG�KRZ�PXFK�LV�ZDVWHG�RXWVLGH�RI�LW��6RPHWLPHV�H�J��LQ�RUGHU�WR�
REWDLQ�D�VPDOOHU�LQVWDOOHG�IOX[�SHU�NLORPHWUH��LW�FRXOG�EH�SUHIHUDEOH�WR�LQVWDOO�WKH�
OXPLQDLUHV�DW�ORZHU�KHLJKW��DQG�WKHQ�ZLWK�D�VPDOOHU�SROH�VSDFLQJ��VR�WKDW�WKH�URDG�
LQWHUFHSWV�D�JUHDWHU�DPRXQW�RI�OLJKW��7KH�FRVW�RI�WKH�ODUJHU�QXPEHU�RI�IL[WXUHV�LV�
SDLG�RII�E\�WKH�HQHUJ\�VDYLQJ���

�
���
�
�
�
�
�
�
�

)LJXUH����([WUHPH�FDVHV��IXOO\�VKLHOGHG�IL[WXUHV�ZLWK�SULVPDWLF�JODVV��VHPL�FXW�
RII���7KH\�IXOILO�WKH�UHTXLUHPHQW�RI���FG�NOP�DW����GHJUHHV�DQG�EH\RQG��

�
7KHUHIRUH�� WKH� JUHDWHU� SROH� VSDFLQJ� GHSHQGV� QRW�PXFK� RQ� D� VOLJKWO\� ODUJHU�

WKURZ�DQJOH�RI�WKH�IL[WXUH�DORQJ�WKH�URDG�D[LV�EXW�UDWKHU�RQ�LWV�FDSDELOLW\�WR�EH�
LQVWDOOHG� RQ� KLJKHU� SROHV� VWLOO� VHQGLQJ� OLWWOH� OLJKW� RXWVLGH� RI� WKH� URDG��
WUDQVYHUVDOO\��7KLV�PDLQO\�GHSHQGV�RQ�WKH�TXDOLW\�RI�WKH�RSWLF�RI�WKH�LQGLYLGXDO�
IL[WXUH�DQG�QRW�RQ�WKH�FDWHJRU\�RI�FORVLQJ�JODVV��

�
E�� OLPLWV�WR�WKH�UHIOHFWHG�HPLVVLRQ��
$�VHFRQG�LQGLVSHQVDEOH�FULWHULRQ�IRU�DQ�HIIHFWLYH�OLPLWDWLRQ�RI�OLJKW�SROOXWLRQ�

LV�WR�QRW�RYHU�OLW��7KH�GUDIWHUV�RI�WKH�ODZV�RI�WKH�/RPEDUG\��9HQHWR�DQG�7XVFDQ\�
FRUUHFWO\�SURYLGHG� WKDW� WKH�DYHUDJH�PDLQWDLQHG� OXPLQDQFH�RI� WKH�VXUIDFHV�PXVW�
QRW�H[FHHG�WKH�PLQLPXPV�OHYHOV�UHTXLUHG�E\�WKH�VWDQGDUG�UXOHV�IRU�VHFXULW\�DQG�
WKDW�LW�PXVW�EH�UHGXFHG�ZKHQ�WKH�XVH�RI�WKH�VXUIDFH�DOORZV�LW��)RU�FDVHV�LQ�ZKLFK�
WKHUH�DUH�QR�UXOHV��WKH�ODZ�RI�WKH�/D]LR�LQWURGXFHG�D�OLPLW�RI���FG�P��ZKLFK�KDV�



,QTXLQDPHQWR�OXPLQRVR�H�SURWH]LRQH�GHOO¶DPELHQWH�QRWWXUQR�
�
�

�

/,*+7�32//87,21�$1'�7+(�3527(&7,21�2)��7+(�1,*+7�(19,5210(17�
3URFHHGLQJV�RI�WKH�,'$�5HJLRQDO�0HHWLQJ�³9HQLFH��/HW¶V�VDYH�WKH�QLJKW´�����������������������
3LHUDQWRQLR�&LQ]DQR��HG���¸������,67,/��7KLHQH��,WDO\��,6%1����������������
��
�

EHHQ� WDNHQ� LQ� WKH� UHJXODWLRQV�RI� WKH�/RPEDUG\� ODZ�DQG� LQ� WKH� ODZ�RI�0DUFKH��
7KLV�YDOXH�LV�RI�WKH�RUGHU�RI�WKH�W\SLFDO�OXPLQDQFH�UHTXLUHG�E\�VHFXULW\�UXOHV�LQ�
WKH�PDMRULW\�RI�FLW\�URDGV��7KLV�UHTXLUHPHQW�ODFNV�FRPSOHWHO\�LQ�WKH�VWDQGDUG�UXOH�
81,������� ZKLFK� H[SOLFLWO\� ³GRHV� QRW� FRQVLGHU� WKH� OLPLWDWLRQ� WR� WKH� QLJKW�
OXPLQDQFH�RI�WKH�VN\�GXH�WR�UHIOHFWLRQ�RI�WKH�OLJKWHG�VXUIDFHV���,W�RQO\�SURYLGHV�D�
UHGXFWLRQ�RI�RYHU�OLJKWLQJ�DIWHU�FXUIHZ��ZLWKRXW�DQ\�OLPLW�LQ�RWKHU�WLPHV���

7KH�UHGXFWLRQ�RI�WKH�XVHOHVV�OLJKW�ZDVWHG�GRZQZDUG�LQ�WKH�VXUURXQGLQJ�DUHDV�
LV�QRW�VSHFLILFDOO\�SUHYLHZHG�XS�WR�QRZ�LQ�ODZV�DQG�ELOOV�LQ�,WDO\�EHFDXVH�RI�WKH�
GLIILFXOW\� WR� HVWDEOLVK� VSHFLILF� QXPHULFDO� OLPLWV� WR� LPSRVH� WR� WKH� GHVLJQHU��
+RZHYHU� WKLV� LV� DOUHDG\� LPSOLFLW� LQ� D� JRRG� SODQQLQJ�� WKDW� PXVW� PD[LPL]H� WKH�
IUDFWLRQ�RI�OLJKW�HIIHFWLYHO\�XVHG�IURP�WKH�V\VWHP�LQ�RUGHU�WR�GLPLQLVK�WKH�HQHUJ\�
FRQVXPSWLRQ��$� WRS� OLPLW� WR� WKH�GRZQZDUG�ZDVWHG� OLJKW�� OHW¶V�VD\�EHWZHHQ����
DQG������FRXOG�EH�FRQVLGHUHG�LQ�IXWXUH�ELOOV��

� �
&RQFOXVLRQV�
7KH� WHFKQLFDO� FULWHULD� IRU� DQ� HIIHFWLYH� OLPLWDWLRQ� RI� WKH� HIIHFWV� RI� OLJKW�

SROOXWLRQ� RQ� WKH� QLJKW� VN\� EULJKWQHVV� QHDU� WKH� ]HQLWK� LQ� D� WHUULWRU\�� GLVFXVVHG�
DERYH��DUH�IRXQG�DGHTXDWHO\�DSSOLHG�LQ�WKH�ODZ�RI�/RPEDUG\�Q����RI����0DUFK�
������ LQ� LWV�5HJXODWLRQV�DQG� LQ� WKH� ODZ�RI�5HJLRQH�0DUFKH��7KHVH� ODZV�DUH� LQ�
DJUHHPHQW�ZLWK� WKH� FXUUHQW� OHJLVODWLYH� WHQGHQFLHV�DQG�ZLWK� WKH�GHPDQGV�RI� WKH�
RUJDQL]DWLRQV� WKDW� ILJKW� OLJKW� SROOXWLRQ�� 7KH\� DUH� WKH�PRVW� UHFHQW� SURGXFW� RI� D�
FRQWLQXRXV�� DFFXUDWH� DQG� VXFFHVVIXO� XSGDWH� RI� WKDW� VHULHV� RI� PHDVXUHV� DJDLQVW�
OLJKW� SROOXWLRQ� KDQG� RQ� IURP� ELOO� WR� ELOO� LQ� SDUOLDPHQW� DFURVV� VHYHUDO�
SDUOLDPHQWDU\�OHJLVODWXUHV��IURP�Q�������LQ�6HQDWH�LQ�WKH�;,�OHJLVODWXUH��WR�Q������
LQ�6HQDWH�LQ�WKH�;,,�OHJLVODWXUH��WR�Q������LQ�6HQDWH�LQ�WKH�;,,,�OHJLVODWXUH��WR�Q��
���� WR� WKH� &KDPEHU� RI�'HSXWLHV� LQ� WKH�;,9� OHJLVODWXUH�� HWF�� 7KHVH�PHDVXUHV��
HYHQ� LI� ODFNLQJ� RI� WRS� OLPLWV� WR� WKH� LQVWDOOHG� OLJKW� IOX[� DQG� WR� WKH� GRZQZDUG�
ZDVWHG� OLJKW�� DUH�� KRZHYHU�� UHDVRQDEOH� DQG� HIIHFWLYH�� 0RUHRYHU�� WKH\� DUH� WKH�
VLPSOHU�DQG�HDVLHU�UXOHV�WR�SXW�LQWR�HIIHFW��,W�LV�HDV\�WR�GHPRQVWUDWH�WKDW�WKH�DFWXDO�
SURYLVLRQV�RI�RWKHU�ODZV��OLNH�WKRVH�RI�9HQHWR��7XVFDQ\��/D]LR�DQG�3LHPRQWH��DUH�
PXFK�PRUH�GLIILFXOW�WR�DSSO\�DQG�WR�YHULI\��

7KH� OLJKWLQJ� FRPPXQLW\� ZDV� SUHVHQW� GXULQJ� WKH� GHYHORSPHQW� RI� WKHVH�
IXQGDPHQWDO� UXOHV�� 1RW� RQO\� VRPH� OLJKWLQJ� HQJLQHHUV� FRQWULEXWHG�� EXW� WKHVH�
SURYLVLRQV�DUH�WKH�UHVXOW�RI�\HDUV�RI�LQQXPHUDEOH�GHEDWH��LQ�PDQ\�RFFDVLRQV��ZLWK�
WKH� OLJKWLQJ� SHRSOH� DQG� WKHLU� DVVRFLDWLRQV� OLNH� $,',� �WKH� ,WDOLDQ� OLJKWLQJ�
DVVRFLDWLRQ�� DQG�$66,/� �WKH� DVVRFLDWLRQ�RI� WKH� ,WDOLDQ� OLJKWLQJ�PDQXIDFWXUHUV���
$V�DQ�H[DPSOH��WKH�OLPLWV�WR�WKH�LQWHQVLW\�HPLWWHG�E\�WKH�OXPLQDLUHV�ZDV�PRYHG�
LQ� ����� IURP� HLJKW\� GHJUHHV� �OLNH� LQ� WKH� ELOO� LQ� SDUOLDPHQW� Q����� DQG� LQ� VRPH�
ODZV�RI�WKH�8QLWHG�6WDWHV�UHTXLULQJ�FXW�RII�IL[WXUHV��WR�QLQHW\�GHJUHHV��OLNH�LQ�WKH�



/LJKW�SROOXWLRQ�DQG�WKH�SURWHFWLRQ�RI�WKH�QLJKW�HQYLURQPHQW�
�
�

����

VXFFHVVLYH�ELOO� LQ�SDUOLDPHQW�Q������DQG�LQ�WKH�ODZV�RI�/RPEDUG\�DQG�0DUFKH��
DIWHU�D�PHHWLQJ� LQ� WKH�$,',�KHDGTXDUWHU�RI�0LODQ�ZLWK� WKH�$,',�SUHVLGHQW�� WKH�
$66,/�SUHVLGHQW�� UHSUHVHQWDWLYHV� RI�(1(/� �WKH�PDLQ� ,WDOLDQ� HQHUJ\�SURGXFHU���
WKH� GLUHFWRU� RI� WKH� PDJD]LQH� ³/XFH´� DQG� VRPH� SURPLQHQW� OLJKWLQJ� HQJLQHHUV��
ZKHQ�LW�ZDV�DVNHG�WR�OHDYH�IXOO�IUHHGRP�WR�WKH�OLJKW�HPLVVLRQ�LQ�WKH�GRZQZDUG�
KHPLVSKHUH���

%DVHG�RQ�WKH�SUHVHQWHG�DUJXPHQWV�� WKH�,WDOLDQ�VWDQGDUG�UXOH�81,�������DQG�
WKH�ODZ�RI�3LHPRQWH�UHJLRQ�Q�����RI�0DUFK������WKDW�PDNH�UHIHUHQFH�WR�LW��GR�QRW�
DSSHDU� WHFKQLFDOO\� DGHTXDWH� WR� SURWHFW� WKH� QLJKW� VN\� IURP� OLJKW� SROOXWLRQ�� ,W� LV�
VXJJHVWHG� WR�DEDQGRQ�DQ\� UHIHUHQFH� WR�VXFK�VWDQGDUG�UXOH� LQ� ODZV�DJDLQVW� OLJKW�
SROOXWLRQ��7KH�,WDOLDQ�RUJDQL]DWLRQV�WKDW�ILJKW�OLJKW�SROOXWLRQ�VXSSRUW�LQ�3LHPRQWH�
D�QHZ�GUDIW�ELOO��(YHQ�VRPH� OLJKWLQJ�HQJLQHHUV�DGPLWWHG� WKDW� LW� LV�QRW�DGHTXDWH�
DQG� WKDW� WKH� ZD\� WR� UHIHU� WKH� ODZV� WR� D� VWDQGDUG� UXOH� WKDW� ZRXOG� KDYH� WR� EH�
FRPSOHWHO\�UHPDGH�LV�QRW�SUDFWLFDEOH��ZKLOH�LQVWHDG�VRPH�RI�WKHP�GHILQHG��ZHOO�
PDGH��WKH�UHJXODWLRQV�RI�/RPEDUGLD�DQG�WKRVH�LQ�DJUHHPHQW�ZLWK�LW��

%DVHG�RQ�WKH�H[SHULHQFH�RI�VRPH�,WDOLDQ�UHJLRQV��LW�LV�UHFRPPHQGHG�WKDW�WKH�
WHFKQLFDO�FULWHULD�DUH�PDLQWDLQHG�LQVLGH�WKH�ODZ�DQG�DUH�QRW�UHPLWWHG�WR�VXFFHVVLYH�
UHJXODWLRQV�� 7KH� ODZV� UHPLWWLQJ� WKH� GUDZLQJ� RI� WKH� WHFKQLFDO� SURYLVLRQV� WR�
VXFFHVVLYH� UHJXODWLRQV� ZHQW� WR� D� WRWDO� VWDQGVWLOO�� *LYHQ� WKH� LQWHUPLQDEOH�
GLVFXVVLRQV�EHWZHHQ�WKH�SDUWLHV�LQ�WKH�SUHSDUDWLRQ�RI�VXFK�UHJXODWLRQV��WRGD\�WKH�
RQO\� UHJLRQ� WR� KDYH� DSSURYHG� WKH� UHJXODWLRQV� LV� WKH�/RPEDUG\�� IRU� WKH� VLPSOH�
UHDVRQ� WKDW� WKH� SURYLVLRQV� ZHUH� DOUHDG\� FRQWDLQHG� LQ� WKH� ODZ� DQG� WKHUHIRUH�
SUHFLVH�GLUHFWLRQV�ZHUH�DOUHDG\�JLYHQ���

,I� VRPHRQH�ZDQW� WR� LPSURYH� WKH� SURYLVLRQV� RI� WKH� ODZV� DQG� UHJXODWLRQV� RI�
/RPEDUG\� DQG� WKH� ODZ� RI�0DUFKH�� LW� ZRXOG� EH� GHVLUDEOH� WKH� DGRSWLRQ� RI� WKH�
IROORZLQJ� SDUDJUDSKV�� ZKRVH� SUHFLRXV� HIIHFWV� RI� UDWLRQDOL]DWLRQ� KDYH� DOUHDG\�
EHHQ�SRLQW�RXW�LQ�WKH�LQWURGXFWLRQ�����WKH�\HDUO\�JURZWK�UDWH�RI�WKH�LQVWDOOHG�OLJKW�
IOX[�IRU�QLJKWWLPH�RXWGRRU�OLJKWLQJ��SXEOLF�DQG�SULYDWH��LQ�DQ\�PXQLFLSDO�GLVWULFW�
FDQQRW� H[FHHG� WKH� ���� ��� WKH� \HDUO\� JURZWK� UDWH� RI� WKH� HOHFWULF� SRZHU�
FRQVXPSWLRQV� IRU� QLJKWWLPH� RXWGRRU� OLJKWLQJ�� SXEOLF� DQG� SULYDWH�� LQ� DQ\�
PXQLFLSDO� GLVWULFW� FDQQRW� H[FHHG� WKH� ������ ��� WKH� IUDFWLRQ� RI� GRZQZDUG� IOX[�
HPLWWHG�E\�WKH�OXPLQDLUH�RXWVLGH�RI�WKH�VXUIDFH�WR�EH�OLW�FDQQRW�H[FHHG��H�J�������

,� ZLVK� WKDW� ODZV� WUXO\� HIIHFWLYH� DUH� DSSURYHG� VRRQ� RQ� WKH� HQWLUH� QDWLRQDO�
WHUULWRU\�� VR� WKDW� D� UHDO� DQG� HIIHFWLYH� SURWHFWLRQ� RI� WKH�QLJKW� VN\� DQG� WKH�QLJKW�
HQYLURQPHQW�LV�DVVXUHG�WR�WKH�SRSXODWLRQ��

�
5HIHUHQFHV�
�� 6\PSRVLXP� ³(FRORJLFDO� &RQVHTXHQFHV� RI� $UWLILFLDO� 1LJKW� /LJKWLQJ´�� ������ )HEUXDU\� ������

8QLYHUVLW\�RI�&DOLIRUQLD��/RV�$QJHOHV���������ZZZ�XUEDQZLOGODQGV�RUJ�FRQIHUHQFH�KWPO�
�� 6\PSRVLXP� ³/LJKW�� (QGRFULQH� 6\VWHPV� DQG�&DQFHU´�� ����0D\� ������8QLYHUVLW\� RI�&RORJQH��

1HXURHQGRFULQRORJ\�/HWWHUV�6XSSO����������������
�� &LQ]DQR�� 3��� 5HIHUHQFHV� RQ� /LJKW� 3ROOXWLRQ� DQG� 5HODWHG� )LHOGV�� ,QWHUQDO� 5HSRUW� 1R�����



,QTXLQDPHQWR�OXPLQRVR�H�SURWH]LRQH�GHOO¶DPELHQWH�QRWWXUQR�
�
�

�

/,*+7�32//87,21�$1'�7+(�3527(&7,21�2)��7+(�1,*+7�(19,5210(17�
3URFHHGLQJV�RI�WKH�,'$�5HJLRQDO�0HHWLQJ�³9HQLFH��/HW¶V�VDYH�WKH�QLJKW´�����������������������
3LHUDQWRQLR�&LQ]DQR��HG���¸������,67,/��7KLHQH��,WDO\��,6%1����������������
��
�

'HSDUWPHQW�RI�$VWURQRP\��3DGRYD���������KWWS���GHERUD�SG�DVWUR�LW�FLQ]DQR�UHIHU�QRGH��KWPO���
�� &LQ]DQR��3���)DOFKL��)���(OYLGJH��&�'���7KH�ILUVW�ZRUOG�DWODV�RI�WKH�DUWLILFLDO�QLJKW�VN\�EULJKWQHVV��

0RQWKO\�1RWLFHV�RI�WKH�5R\DO�$VWURQRPLFDO�6RFLHW\�����������������������
�� &LQ]DQR�� 3��� )DOFKL�� )��� (OYLGJH�� &�'��� 5DSSRUWR� ,67,/� ������ 6WDWR� GHO� FLHOR� QRWWXUQR� H�

LQTXLQDPHQWR�OXPLQRVR�LQ�,WDOLD��,67,/��7KLHQH���������,6%1���������������
�� &LQ]DQR��3���7KH�JURZWK�RI�OLJKW�SROOXWLRQ�LQ�1RUWK�(DVWHUQ�,WDO\�IURP������WR�������LQ�0HDVX��

ULQJ�DQG�PRGHOOLQJ�OLJKW�SROOXWLRQ��HG��3�&LQ]DQR���0HP��6RF��$VWURQ��,WDO����������������������
�� &LQ]DQR�� 3��� 'LD]� &DVWUR� )�-��� 7KH� DUWLILFLDO� VN\� OXPLQDQFH� DQG� WKH� HPLVVLRQ� DQJOHV� RI� WKH�

XSZDUG� OLJKW� IOX[�� LQ� 0HDVXULQJ� DQG� PRGHOOLQJ� OLJKW� SROOXWLRQ� �HG�� 3�&LQ]DQR��� 0HP�� 6RF��
$VWURQ��,WDO����������������������

�� *DUVWDQJ��5�+���0RGHO�IRU�DUWLILFLDO�QLJKW�VN\�LOOXPLQDWLRQ��3XEO��$VWURQ��6RF��3DFLILF����������
�����������

�� �&LQ]DQR��3���'LVHQWDQJOLQJ�DUWLILFLDO�VN\�EULJKWQHVV�IURP�VLQJOH�VRXUFHV� LQ�GLIIXVHO\�XUEDQL]HG�
DUHDV��LQ�0HDVXULQJ�DQG�PRGHOOLQJ�OLJKW�SROOXWLRQ��HG��3��&LQ]DQR���0HP��6RF��$VWURQ��,WDO�������
���������������

���&LQ]DQR��3���/LJKW�SROOXWLRQ�E\�OXPLQDLUHV�LQ�URDG�OLJKWLQJ��GUDIW�������������SUHOLPLQDU\�UHVXOWV�
SUHVHQWHG�DW�WKH�&,(�7&�����PHHWLQJ��7XULQ�����6HSW�������

���&LQ]DQR��3���,QWHQVLWj�OXPLQRVD�GL�XQD�VXSHUILFLH�VWUDGDOH�SHU�XQLWj�GL�IOXVVR�OXPLQRVR�LQVWDOODWR��
DJOL�DQJROL�JDPPD�SHU�FXL�ULVXOWD�SL��LQTXLQDQWH��GUDIW�������������
�
6KRUW�ELRJUDSK\�RI�WKH�DXWKRU�
3LHUDQWRQLR�&LQ]DQR�LV�RQH�RI�WKH�WZR�IRXQGHUV��ZLWK�0DULR�'L�6RUD��RI�WKH�

ILJKW�WR�OLJKW�SROOXWLRQ�LQ�,WDO\��DQ�DUJXPHQW�ZKLFK�KH�GHDOV�ZLWK�VLQFH�������+H�
ZRUNV�RQ�VWXG\�DQG�PRQLWRULQJ�RI�OLJKW�SROOXWLRQ�IURP�(DUWK�DQG�VDWHOOLWH�DW�WKH�
'HSDUWPHQW� RI� $VWURQRP\� RI� WKH� 8QLYHUVLW\� RI� 3DGXD�� +H� LV� SUHVLGHQW� RI� WKH�
,67,/��/LJKW�3ROOXWLRQ�6FLHQFH�DQG�7HFKQRORJ\�,QVWLWXWH��DQG�6FLHQWLILF�'LUHFWRU�
RI� WKH� ,WDOLDQ� 6HFWLRQ� RI� WKH� ,QWHUQDWLRQDO� 'DUN�6N\� $VVRFLDWLRQ�� +H� LV� IXOO�
PHPEHU�RI�WKH�WHFKQLFDO�FRPPLWWHH�������,QWHUIHUHQFH�E\�OLJKW�RQ�DVWURQRPLFDO�
REVHUYDWLRQV�� RI� WKH� &RPPLVVLRQ� ,QWHUQDWLRQDOH� GH� O¶(FODLUDJH� �&,(��� WKH�
:RUNLQJ�*URXS��� �/LJKW�3ROOXWLRQ��RI� WKH� ,WDOLDQ�6WDQGDUGL]DWLRQ�%RG\� �81,��
DQG� WKH� :RUNLQJ� *URXS� �&RQWUROOLQJ� OLJKW� SROOXWLRQ�� RI� WKH� ,QWHUQDWLRQDO�
$VWURQRPLFDO� 8QLRQ�� +H� LV� DXWKRU� RI� PDQ\� SXEOLFDWLRQV� LQFOXGLQJ� WKH� ERRN�
�,QTXLQDPHQWR� /XPLQRVR� H� SURWH]LRQH� GHO� FLHOR� QRWWXUQR�� SXEOLVKHG� E\� WKH�
,VWLWXWR�9HQHWR�GL�6FLHQ]H��/HWWHUH�HG�$UWL�RI�9HQLFH�DQG�WKH�,67,/�5HSRUW�������
+H�LV�(GLWRU�RI�WKH�YROXPH��0HDVXULQJ�DQG�PRGHOOLQJ�OLJKW�SROOXWLRQ��SXEOLVKHG�
E\�WKH�,WDOLDQ�$VWURQRPLFDO�6RFLHW\��


